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(54) A titanium article having a protective coating and a method of applying a protective coating 
to a titanium article 



(57) A titanium aluminide turbine blade (10) has a 
protective coating (20) applied to the aerofoil (12) and 
the platform (14) of the turbine blade (10). The protec- 
tive coating (20) comprises austenitic stainless steel. A 
chromium oxide layer (22) is formed on the protective 
coating (20). The protective coating (20) and chromium 
oxide layer (22) provides oxidation and sulphidation 
resistance for the titanium aluminide article (1 0). 
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Description 

[0001] The present invention relates to a titanium 
article having a protective coating and a method of 
applying a protective coating to a titanium article, partic- 
ularly to a titanium aluminlde article having a protective 
coating and a method of applying a protective coating to 
a titanium aluminlde article. 

[0002] Titanium aluminlde alloys have potential for 
use in gas turbine engines, particularly for turbine 
blades and turbine vanes in the low pressure turbine 
and compressor blades and vanes in the high pressure 
compressor and the combustion chamber diffuser sec- 
tion. The gamma titanium aluminides provide a weight 
reduction compared to the alloys currently used for 
these purposes. 

[0003] IHowever, titanium aluminide alloys and 
gamma titanium aluminide alloys will require environ- 
mental protective coatings, above a certain tempera- 
ture, in a similar manner to conventional nickel base 
alloys or cobalt base alloys. 

[0004] Conventional environmental protective coat- 
ings for nickel base alloys and cobalt base alloys include 
aluminide coatings, platinum coatings, chromium coat- 
ings, MCrAlY coatings, silicide coatings, platinum modi- 
. fied aluminide coatings, chromium modified aluminide 
coatings, platinum and chromium modified aluminide 
coatings, silicide modified aluminide coatings, platinum 
and silicide modified aluminide coatings and platinum, 
silicide and chromium modified aluminide coatings etc. 
Aluminide coatings are generally applied by the well 
known pack aluminising, out of pack, vapour, aluminis- 
ing or slurry aluminising processes. Platinum coatings 
are generally applied by electroplating or sputtering. 
Chromium coatings are generally applied by pack 
chromising or vapour chromlsing. Silicide coatings are 
generally applied by slurry aluminising. MCrAlY coat- 
ings are generally applied by plasma spraying or elec- 
tron beam physical vapour deposition. 
[0005] Thermal barrier coatings include yttria stabi- 
lised zirconia and magnesia stabilised zirconia etc. 
Thermal ban^ier coatings are generally applied by 
plasma spraying or electron beam physical vapour dep- 
osition. 

[0006] The MCrAlY coatings and aluminide coat- 
ings are intended to produce a continuous external alu- 
mina layer on the outer surface of the coatings. 
However, only an alpha alumina provides satisfactory 
oxidation resistance and alpha alumina is not readily 
formed below 1000°C. Additionally there is a problem of 
interdiffusion between the MCrAlY coating and the tita- 
nium aluminide and the MCrAlY coating and aluminide 
coatings have poor fracture toughness due to the high 
levels of aluminium which make them brittle. Chromium 
coatings formed by chromising are intended to produce 
a continuous external chromia layer on the outer sur- 
face of the coating. However, chromising produces a dif- 
fusion zone in the titanium aluminide article which is 



porous and thus not protective. 
[0007] Accordingly the present invention seeks to 
provide a novel protective coating for a titanium article 
and a novel method of applying a protective coating to a 

5 titanium article. 

[0008] Accordingly the present invention provides a 
titanium alloy article having a protective coating on the 
titanium alloy article, the protective coating comprising a 
coating of austenitic steel. 

10 [0009] Preferably the protective coating comprises 
a chromia layer on the austenitic steel coating. 
[0010] Preferably the protective coating comprises 
a silica layer between the austenitic steel coating and 
the chromia layer. 

15 [0011] Preferably the titanium alloy article com- 
prises a titanium aluminide, more preferably the titanium 
alloy article comprises a gamma titanium aluminide, an 
alpha 2 titanium aluminide or an orthorhombic titanium 
aluminide. 

20 [0012] Preferably a barrier layer is arranged on the 
titanium alloy article and the austenitic steel coating is 
on the barrier layer. 

[0013] Preferably the barrier layer comprises silica, 
titanium nitride, titanium aluminium nitride or alumina. 
25 [0014] Preferably the titanium alloy article com- 
prises a turbine blade, a turbine vane, a compressor 
blade, or a compressor vane. 

[0015] Preferably the austenitic steel comprises 

austenitic stainless steel. 
30 [0016] The present invention also provides a 

method of applying a protective coating to a titanium 

alloy article comprising depositing a coating comprising 

austenitic steel onto the titanium alloy. 

[0017] Preferably the method comprises forming a 
35 chromia layer on the austenitic steel coating. 

[0018] Preferably the method comprises forming a 

silica layer between the austenitic steel coating and the 

chromia layer. 

[0019] Preferably the method comprises depositing 
40 the austenitic steel coating by physical vapour deposi- 
tion, chemical vapour deposition, low pressure plasma 
spraying, air plasma spraying, high velocity oxy fuel 
plasma spraying, cladding, hot isostatic pressing, or 
electroplating. 

45 [0020] Preferably the method comprises depositing 
the austenitic steel coating by sputtering. 
[0021] Alternatively austenitic steel coating may be 
deposited by direct laser fabrication. The titanium alloy 
article may be formed by direct laser fabrication. 

50 [0022] The whole of the titanium alloy article may 
be formed by a direct laser fabrication and subsequently 
the austenitic steel coating is deposited on the titanium 
alloy article by direct laser fabrication. 
[0023] Each layer of the titanium alloy article and 

55 the austenitic steel coating may be formed by sequen- 
tially forming a layer of the titanium alloy article by direct 
laser fabrication and depositing the austenitic steel 
coating on the layer of the titanium alloy article by direct 
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laser fabrication. 
[0024] Preferably the titanium alloy article com- 
prises a titanium aluminide, more preferably the titanium 
alloy article comprises a gamma titanium aluminide, an 
alpha 2 titanium aluminide or an orthorhombic titanium 
aluminide. 

[0025] Preferably the method comprises depositing 
a barrier layer on the titanium alloy article and deposit- 
ing the austenitic steel coating on the barrier layer. 
[0026] Preferably the barrier layer comprises silica, 
titanium nitride, titanium aluminium nitride or alumina. 
[0027] Preferably the titanium alloy article com- 
prises a turbine blade, a turbine vane, a compressor 
blade, or a compressor vane. 
[0028] Preferably the austenitic steel comprises 
austenitic stainless steel. 

[0029] The present invention will be more fully 
described by way of example with reference to the 
accompanying drawings in whlch:- 

Figure 1 shows a titanium aluminide turbine blade 
having a protective coating according to the present 
invention. 

Figure 2 is a cross-sectional view through the tita- 
nium aluminide turbine blade and protective coating 
according to the present invention. 
Figure 3 is a cross-sectional view through the tita- 
nium aluminide turbine blade and an alternative 
protective coating according to the present inven- 
tion. 

Figure 4 is a graph showing mass change for 
coated and uncoated samples of gamma titanium 
aluminide after exposure in a furnace at 800°C and 

900°C. 

[0030] A gas turbine engine turbine blade 10, as 
shown in figure 1, comprises an aerofoil 12, a platform 
1 4 and a root 1 6. The turbine blade 1 0 comprises a tita- 
nium aluminide, for example alpha 2 titanium aluminide, 
orthorhombic titanium aluminide and preferably gamma 
titanium aluminide. 

[0031] An example of an alpha 2 titanium aluminide 
alloy comprises 14at% Al, 19at% Nb, 3at% V, 2at% Mo 
and 0.1 at% Fe and balance Tl plus Incidental impurities. 
Examples of orthorhombic titanium aluminides alloys 
are (1 ) 22at% Al. 25at% Nb. 5at% Ta, 3at% Mo and bal- 
ance Ti plus incidental impurities, (2) 23at% Al, 13at% 
Nb, 5at% Ta, 3at% Mo and balance Ti plus Incidental 
impurities and (3) 23at% Al, 21at% Nb, 2at% Mo, 
0.35at% Si and balance Ti plus incidental impurities. 
Examples of gamma titanium aluminide alloys are (4) 
45at% Al. 2at%Mn. 2at% Nb. 1at% B and balance Ti 
plus Incidental Impurities, (5) 48at% Al, 2at%Mn, 2at% 
Nb, 1at% B and balance TI plus Incidental impurities, (6) 
48at% Al. 2at%Cr, 2at% Nb and balance Ti plus inci- 
dental impurities, (7) 46at% At. 5at%Mn, 1at% W and 
balance Ti plus incidental impurities, (8) 46.5at% Al, 
3at% Nb. 2at% Cr, 0.2at% W and balance Ti plus inci- 



dental impurities. 

[0032] The aerofoil 12 and the platform 14 of the 

turbine blade 10 have a protective coating 20. The pro- 
tective coating 20 is preferably applied to all of the aer- 

5 ofoil 12 and that surface of the platform 14 which 
contacts the gas flowing through the turbine. Alterna- 
tively the protective coating 20 may be applied only to 
predetermined regions of the aerofoil 12 which suffer 
from corrosion or oxidation. 

10 [0033] The titanium aluminide turbine blade 1 0 and 
one embodiment of protective coating 20, is shown 
more clearly in figure 2. 

[0034] The protective coating 20 comprises an 
austenitic stainless steel alloy coating. An austenitic 

15 stainless steel has a face centre cubic structure. It Is 
believed that face centre cubic structures have greater 
toughness and ductility and improved ductile to brittle 
transition temperatures compared to the other stainless 
steel compositions having other structures. Additionally 

20 face centre cubic structures are more closely packed 
compared to the stainless steel compositions having 
other structures and it is believed that the face centre 
cubic structures have lower diffusion rates through them 
compared to the other structures. 

25 [0035] A chromium oxide layer 22 fomns on the 
austenitic steel protective coating 20. The chromium 
oxide layer 22 adheres to the austenitic stainless steel 
protective coating 20 and provides the corrosion and 
oxidation resistance. A silica layer may also be present 

30 between the chromium oxide layer 22 and the austenitic 
stainless steel protective coating 20 depending upon 
the amount of silicon in the stainless steel protective 
coating 20. 

[0036] The protective austenitic stainless steel 
35 coating 20 is deposited onto the turbine blade 10 by 
argon shrouded air plasma spraying, low pressure 
plasma spraying, high velocity oxy fuel plasma spraying, 
cladding, hot isostatic pressing, electroplating, chemical 
vapour deposition or physical vapour deposition. The 
40 argon shrouded air plasma spraying Is not a preferred 
method because it tends to produce a porous protective 
austenitic stainless steel coating 20 which also contains 
inclusions. Sputtering, particularly RF magnetron sput- 
tering, is the preferred physical vapour deposition proc- 
45 ess because it produces a dense protective austenitic 
stainless steel coating 20. 

[0037] The protective austenitic stainless steel 
coating 20 and chromium oxide layer 22 provides pro- 
tection against high temperature turbine environments, 
50 I.e. material loss or degradation due to oxidation and or 
corrosion i.e. sulphate attack at temperatures of about 
700**C and above. 

[0038] The titanium aluminide turbine blade 10 and 
another embodiment of protective coating 20, is shown 
55 more clearly in figure 3. 

[0039] The embodiment in figure 3 is substantially 
the same as that in figure 2 but differs in that a barrier 
layer 24 is provided between the titanium aluminide tur- 



3 



5 



EP 1 054 077 A2 



6 



bine blade 10 and the protective cx)ating 20. The ban^ier 
layer 24 comprises silica, titanium nitride, titanium alu- 
minium nitride or alumina. Other suitable barrier layers 
are aluminium, cobalt, nickel, iron, silicon, niobium and 
alloys or compounds of these elements. The ban-ier 5 
layer 24 prevents interdlffusion between the titanium 
aluminide 10 and the protective austenitic stainless 
steel coating 20 which may result in the formation of 
undesirable phases at the interface between the tita- 
nium aluminide 10 and the protective austenitic stain- 10 
less steel coating 20. 

Example 

[0040] In a series of tests the oxidation resistance is 
of coated gamma titanium aluminide samples and 
uncoated gamma titanium aluminide samples were 
assessed. Samples of gamma titanium aluminide alloy 
comprising 45at% Al, 2at% Mn, 2at% Nb, 1at% B and 
the balance Ti plus incidental impurities were prepared. 20 
Some of the samples were coated with an austenitic 
stainless steel comprising 35wt% Ni, 20wt% Cr, 0.7wt% 
Si and the balance Fe plus incidental impurities by 
argon shrouded air plasma spraying. 
[0041] Some of the uncoated samples were oxi- 25 
dised in air at SOO^'C for 200 hours in a furnace, some of 
the uncoated samples were oxidised In air at OOO^'C for 
500 hours in the furnace and some of the coated sam- 
ples were oxidised in air at 900°C for 500 hours in the 
furnace. The samples were weighed at intervals to 30 
determine the weight gain and hence the amount of oxi- 
dation. 

[0042] Figure 4 compares the weight gain of the 
uncoated samples heated at SOO^'C and SOO^'C in air 
and the coated samples heated at 900°C in air. The 3s 
uncoated samples heated at SOO^'C are denoted by line 
A, the uncoated samples heated at 900^0 are denoted 
by line B and the coated samples heated at 900°C are 
denoted by line C in figure 4. It can be clearly seen that 
the uncoated samples heated at 900^0 gain more 40 
weight than the uncoated samples heated at SOO^'C and 
that the coated samples heated at 900''C gain less 
weight than the uncoated samples heated at 900°C. 
Thus it is clear that the protective coating 20 is providing 
oxidation resistance for the gamma titanium aluminide 45 
samples 10. 

[0043] A further method of producing the titanium 
alloy article with the protective coating comprises sup- 
plying titanium alloy powder in a controlled manner to 
the focal point of a laser beam. The titanium alloy pow- so 
der is fused and consolidated by the laser beam and 
deposits onto a moveable substrate. The substrate is 
moved during the deposition of the titanium alloy in 
order to define the shape of the deposit and hence the 
shape of the titanium alloy article. Once the titanium ss 
alloy article is finished austenitic stainless steel alloy 
powder is supplied in a controlled manner to the focal 
point of the laser beam. The austenitic stainless steel 



alloy powder is fused and consolidated by the laser 
beam and deposits onto the surface of the titanium alloy 
article. The substrate is moved during the deposition of 
the austenitic stainless steel in order to deposit the 
austenitic stainless steel on all the surface requiring a 
coating. Thus the titanium alloy article is produced to 
near nett shape using direct laser fabrication and the 
austenitic stainless steel by laser cladding or direct 
laser fabrication. 

[0044] A further method of producing the titanium 
alloy article with the protective coating uses a laser 
beam, a supply of titanium alloy powder, a supply of 
austenitic stainless steel powder and a control valve for 
the alloy powder. 

[0045] The titanium alloy powder and austenitic 
stainless steel alloy powder are sequentially supplied 
into the focal point of the laser beam by the control valve 
as the substrate is moved to produce a single layer of 
the titanium alloy article with the austenitic stainless 
steel alloy protective coating. The process is then 
repeated to produce as many layers as required. A fur* 
ther method is to switch gradually between the titanium 
alloy powder and the austenitic stainless steel alloy 
powder to produce a graded interface between the tita- 
nium alloy article and the austenitic stainless steel pro- 
tective coating. 

[0046] Another method is to supply a silica, titanium 
nitride, titanium aluminium nitride or alumina powder 
sequentially with the titanium alloy powder and auste- 
nitic stainless steel alloy powder in the methods men- 
tioned above to produce the barrier layer between the 
titanium alloy article and the austenitic stainless steel 
protective coating. 

[0047] Although the invention has been described 
with reference to a single austenitic stainless steel alloy, 
any other austenitic steel may be used. 
[0048] The protective coating of the present inven- 
tion provides very effective protection for the titanium 
aluminide article. The protective coating of the present 
invention has the advantages of being relatively cheap 
and relatively easy to apply compared to conventional 
coatings. 

[0049] Although the invention has been described 
with reference to a titanium aluminide intermetallic alloy, 
the present invention is also applicable to titanium alloys 
in general, for example beta titanium alloys. 

Claims 

1. A titanium alloy article having a protective coating 
(20) on the titanium alloy article (10). characterised 
in that the protective coating (20) comprising a 
coating of austenitic steel (20). 

2. A titanium alloy article as claimed in claim 1 
wherein the protective coating comprises a chromia 
layer (22) on the stainless steel coating (20). 
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3. A titanium alloy article as claimed in claim 2 
wherein the protective coating comprises a silica 
layer between the austenitic steel (20) coating and 
the chromia layer (22). 

5 

4. A titanium alloy article as claimed in any of claims 1 
to 3 wherein the titanium alloy article (10) com- 
prises a titanium aluminide. 

5. A titanium alloy article as claimed in claim 4 io 
wherein the titanium alloy article (10) comprises a 
gamma titanium aluminide, an alpha 2 titanium alu- 
minide or an orthorhombic titanium aluminide. 

6. A titanium alloy article as claimed in any of claims 1 is 
to 5 wherein a barrier layer (24) is arranged on the 
titanium alloy article (10) and the austenitic steel 
coating (20) is on the barrier layer (24). 

7. A titanium alloy article as claimed in claim 6 20 
wherein the barrier layer (24) comprises silica, tita- 
nium nitride, titanium aluminium nitride or alumina. 

8. A titanium alloy article as claimed in any of claims 1 

to 7 wherein the titanium alloy article (10) com- 25 
prises a turbine blade, a turbine vane, a compres- 
sor blade, or a compressor vane. 

9. A method of applying a protective coating to a tita- 
nium alloy article (1 0) characterised by depositing a 30 
coating comprising austenitic steel (20) onto the 
titanium alloy article (10). 

10. A method as claimed in claim 9 comprising forming 

a chromia layer (22) on the austenitic steel coating 35 
(20). 

11. A method as claimed in claim 10 comprising form- 
ing a silica layer between the austenitic steel coat- 
ing (20) and the chromia layer (22). 40 

12. A method as claimed in any of claims 9 to 1 1 com- 
prising depositing the austenitic steel coating (20) 
by physical vapour deposition, chemical vapour 
deposition, low pressure plasma spraying, air 45 
plasma spraying, high velocity oxy fuel plasma 
spraying, cladding, hot isostatic pressing, or elec- 
troplating. 



rication. 

16. A method as claimed in claim 14 comprising form- 
ing the whole of the titanium alloy article (10) by 
direct laser fabrication and subsequently depositing 
the austenitic steel coating (20) on the titanium 
alloy article (10) by direct laser fabrication. 

17. A method as claimed in claim 14 comprising form- 
ing each layer of the titanium alloy article (10) and 
the austenitic steel coating (20) by sequentially 
forming a layer of the titanium alloy article (10) by 
direct laser fabrication and depositing the austen- 
titic steel coating (20) on the layer of the titanium 
alloy article (10) by direct laser fabrication. 

18. A method as claimed in any of claims 9 to 17 
wherein the titanium alloy article (10) comprises a 
titanium aluminide. 

19. A method as claimed in claim 18 wherein the tita- 
nium alloy article (10) comprises a gamma titanium 
aluminide, an alpha 2 titanium aluminide or an 
orthorhombic titanium aluminide. 

20. A method as claimed in any of claims 9 to 18 com- 
prising depositing a banrler layer (24> on the tita- 
nium alloy article (10) and depositing the austenitic 
steel coating (20) on the barrier layer (24). 

21. A method as claimed in claim 20 wherein the bar- 
rier layer (24) comprises silica, titanium nitride, tita- 
nium aluminium nitride or alumina. 

22. A method as claimed in claim In any of claim 9 to 21 
wherein the titanium alloy article (10) comprises a 
turi^ine blade, a turbine vane, a compressor blade, 
or a compressor vane. 

23. A method as claimed in any of claims 9 to 22 
wherein the austenitic steel is austenitic stainless 
steel. 



13. A method as claimed In claim 12 comprising depos- 
iting the austenitic steel coating (20) by sputtering. 



50 



14. A method as claimed in claims 9 to 11 comprising 
depositing the austenitic steel coating (20) by direct 
laser fabrication. 55 



15. A method as claimed in claim 14 comprising fonm- 
ing the titanium alloy article (10) by direct laser fab- 
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